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(54) Method and device for correlation detection, and communication terminal device 



(57) A correlation detection device capable of de- 
tecting the prescribed code sequence from input signal 
with a simple construction. Since the input signal (S40), 
after the amplitude of this signal is regulated to the fixed 
value, is entered into the matched filter means (71 ), an 
accidental output by the matched filter means of the cor- 



relation value having large signal level can be prevent- 
ed, and only code sequence to be detected can be cor- 
rectly detected, and thereby the correlation detection 
device capable of detecting the prescribed code se- 
quence from input signal correctly and with a simple 
construction can be realized. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 



[00011 The present invention relates to a correlation detection device, its method and a commumcation terminal 
device tor detecting special codes contained in input signal and is suitably applied to the case of setting the timing 
using special codes especially in the wireless LAN to wireless connect the plural number of term.nal devices. 



DESCRIPTION OF THE RELATED ART 



[0002] In recent years, with the development of high technology in computers, LAN (local area network) has been 
formed by connecting multiple computers and files and data are used in common and electronic mails and data are 
transmitted extensively. In the conventional LAN, computers are connected via cables such as using optical fiber, 
coaxial cable, or twisted pair cable each other. 

r00031 However in the wired LAN, it is very difficult to install the LAN since the installation work is necessary in order 
to connect these and such wired LAN requires very complicated cabling. Thus, the wireless LAN has become a focus 
of attention to solve the wiring problem of the conventional LAM cable system. 

r00041 As the wireless LAN, the system that performs data communications according to CDMA (code division mul- 
tiple access) system using spread spectrum has been proposed. In this CDMA system, the transmission data ,s rriu^ 
tiplied by the PN code (pseudo noise code) and spectrum of the transmission data will be spread. The data transmitted 
upon being conducted the spectrum spread is demodulated multiplying by the same PN code as the transmitting end. 
This CDMA system has an excellent interference resistivity as well as having adequate security. 
25 roOOS] In recent years with the dissemination of information through multimedia, data large .n size such as video 
and audio have been widely handled. Accordingly, it is required to increase the transmission rate in order that a large 
volume of data such as video and audio can be transmitted in the wireless LAN. However, in the spread spectrum 
modulation if the data is transmitted at a high velocity rate such as approximately 30 [Mbps], the bandwidth more than 
300 [MHz] becomes necessary. Such broad band cannot be secured according to the present frequency allocation, 
30 and also it is very difficult to communicate using such broad band. 

[00061 Moreover in the spread spectrum, synchronization recovery time for matching the phase of data code trans- 
mitted and the phase of code to be generated at the receiver for demodulation is necessary when demodulating 
Accordingly, in the spread spectrum, a sequence of bits for synchronization is inserted into each packet ,n order to get 
synchronization at high speed, and due to such bits sequence for synchronization, it causes a problem that bits other 
35 than effective data would be increased 

[0007] Hence the applicant of this patent proposes that data will be transmitted by the OFDM (orthogonal frequency 
division multiplexing) scheme, as well as the data communications will be conducted by the TDMA (time division multiple 
access) scheme making one frame as a unit, and M-sequence code will be transmitted at the head of one frame, the 
transmit/receive timing will be set relative to this M-sequence code, and the transmit/ receive timing of each commu- 
te nication terminal device will be specified by the control information from the communication control terminal dev.ee. 
Since in this OFDM scheme, data will be transmitted in parallel utilizing the plural number of subcarriers orthogonally 
arranged transmission rate can be increased easily and if jitter occurs, it can be demodulated without error. Also, at 
the time when receiving, since transmit/receive timing is set relat.ve to the M-sequence code on the head of one frame, 
data can be reproduced by demodulating only the necessary symbol in the frame using this time .nformation. 
45 [0008] Accordingly, in the case of receiving the M-sequence code and setting the timing, it is necessary to detect 
the M-sequence code from the receiving signal. As the circuit for detecting such M-sequence code, utilization of a 
correlation detection circuit using matched filter can be considered. , c ., A 

[00091 At this point the correlation detection circuit having a matched filter will be described referring to Fig. 1 . As 
shown in Fig 1 a rece.ve signal Si is entered into a matched filter 2 via an input terminal IN in the correlation detection 
so circuit 1 . The matched filter 2 is made up of digital filter such as FIR filter, and as shown in Fig, 2, it » composed I o 
delay circuits D, - D n , multipliers K, - K n and an adder A v The coefficient, that multipliers K, - K n mult.ply, will be se 
to "1 ■ or »-1 ■ according to the code to be detected And if the correlation between the code set to the coefficient of 
multipliers K, - K n and the input code received is strong, the output level of the adder A, becomes large. 
[00101 Then the matched filter 2 transmits an output signal of this adder A, to a comparator 3 of the succeeding 
55 stage as a correlation value signal S2. The comparator 3 compares the signal level of the correlation value signal S2 
to be transmitted from the matched filter 2 and the signal level of the threshold signal TH to be supplied from the outside 
and if the signal level of the correlation value signal S2 is larger than the threshold signal, outputs a detection output 
S3 showing that the signal having correlation has been received via an output terminal OUT. 
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[0011] In the case where the M-sequence code is supplied as the receive signal S1 P output of the matched filter 
becomes large and since the signal level of the correlation value signal S2 becomes larger than the threshold signal 
TH, the detection output S3 showing that the M-sequence code has been received is sent out from the correlation 
detection circuit 1 . 

[0012] However, in the correlation detection circuit 1 constructed as described above, there are cases where detec- 
tion output S3 would not be sent out even when the M-sequence code is received but if the signal level of the signal 
other than the M-sequence code received immediately before is large. 

[0013] In general, at the preceding stage of the correlation detection circuit 1, AGC (automatic gain control) circuit 
is provided and this adjusts the receive signal S1 to the prescribed power. As described above, there are cases where 
the detection output S3 would not be output because of this AGC circuit even when the M-sequence code is received. 
For example, as shown in Fig. 3A, the M-sequence code is simply imbedded in the other signal even if the AGC circuit 
functions, uniform power adjustments will be conducted. And thus the correlation value signal S2, that is the output of 
the matched filter 2, increases when the M-sequence code is received. And as a result, the detection output S3 showing 
that the M-sequence code is received normally can be sent out by the correlation value signal S2 exceeding the thresh- 
old TH. 

[0014] However, as shown in Fig. 3B, when the other receive signal received immediately before the M-sequence 
code is large, the processing to decrease the gain is conducted by the AGC circuit. However, since the recovery time 
is required for the AGC circuit to increase the gain, there are cases where the low gain state continues for some time 
even when the M-sequence code is received. Accordingly the receive signal of the M-sequence code will not be 
amplified and as a result, the output of the matched filter, the correlation value signal S2, will not exceed the threshold 
TH, and there are cases where the detection signal S3 would not be transmitted even though the M-sequence code 
has been received. 

[0015] Furthermore, if the receive signal other than the M-sequence code received immediately before is extremely 
large, there is a possibility that the correlation value signal S2, which is the output of the matched filter 2, outputs the 
detection output S3 exceeding the threshold TH by mistake even though the M-sequence code has not been received. 

SUMMARY OF THE INVENTION 

[0016] In view of the foregoing, an object of this invention is to provide a correlation detection device and its method 
and a communication terminal device capable of detecting the prescribed code sequence from input signal correctly 
with a simple construction. 

[0017] The correlation detection device for detecting code sequence to be detected from an input signal using cor- 
relation, comprises limiter means for regulating the amplitude of the input signal to the prescribed constant value ac- 
cording to plus/minus of the input signal, matched filter means for outputting a correlation value signal upon detecting 
the correlation between an output signal supplied from the limiter means and the code sequence to be detected, and 
comparison means for judging whether the input signal is the code sequence to be detected or not by comparing the 
signal level of the correlation value signal with the prescribed threshold. 

[001 8] Further, in the method for correlation detection for detecting the code sequence to be detected from an input 
signal using correlation, the amplitude of the input signal is regulated to the prescribed constant value according to 
plus/minus of the input signal, the correlation value between the input signal, of which the amplitude is fixed to the 
prescribed value and the code sequenceto be detected is detected, and whether the input signal is the code sequence 
to be detected or not is judged by comparing the signal level of the correlation value with the prescribed threshold. 
[0019] Further, the communication terminal device for generating transmission symbol sequence by performing a 
prescribed modulation processing based on data to be transmitted, and transmitting and receiving a transmission signal 
generated by performing a prescribed transmission processing on the transmission symbol sequence, comprises re- 
ceiving means for receiving the transmission signal as a receive signal, demodulating means for performing a pre- 
scribed demodulation processing on the receive signal, correlation detecting means including limiter means for regu- 
lating the amplitude of input signal to a prescribed constant value according to plus/minus of the input signal to which 
the modulation processing by the modulating means, matched filter means for outputting a correlation value signal 
upon detecting the correlation between an output signal supplied from the limiter means and code sequence to be 
detected, and comparison means for judging whether the input signal is the code sequence to be detected or not by 
comparing the signal level of the correlation value signal with the prescribed threshold, and control means for controlling 
the modulation processing and the demodulation processing with a timing when the correlation detecting means judges 
the input signal is code sequence to be detected as a basis. 

[0020] Furthermore, a radio communication system comprises a plurality of radio communication terminals for data 
communication and a radio communication control terminal for controlling radio communication. The radio communi- 
cation control terminal includes transmission means and receiving means performing data transmission and receiving 
by the OFDM method, and synchronization -code generating means for generating a code sequence for synchronization 
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action. Each o, the plurality of ^^^^^^^^^^^Z^Z 
performing data transmission and receding by he OF ^ ™ , ^~ h ^ Z e synchron ization-code detecting means, 
the code sequence for ^ron^on ^^^^^^Zrn^i with aframe structure having 
Data is modular by the W ^ * ty o I radio communication terminals and the radio com- 
tne specified ^^^^^^S^^^ transmits the code for synchronization acquisition 
munication control terminal, the raaio communion plurality of radio communication ter- 

numerals or characters. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] In the accompanying drawings: 

Fig 1 is a block diagram showing the construction of the conventional correlation detection circuit; 

control terminal device; ^ nKA ♦ m - 

Fig. 6 is a brief linear digram showing subcamer of the OFDM system 
Fia 7 is a simplified block diagram illustrating the signal processing of the OFDM system, 

feribssssars^^ 

Fig 14 is a brief linear diagram showing the construction of one frame; 
Fia 1 5 is a sequence chart showing the communication sequence; 

S^ab^S^^^ 

fS'Ts 2 a b.ock diagram showing the construction of the correction detection circuit according to the other em- 
F^sa brief linear diagram illustrating the transmission method of M-sequence code according to the other 
F^of atlninear diagram illustrating the method to allocate the reference phase to subcarriers. 
DFTAILED DFSP.RIPTION OF THE EMBO DIMENT 

[0023] Preferred embodiments of the present invention will be described with reference to the accompanying draw- 

ings: 

(1) The First Embodiment 

(1-1) General Construction of Wireless LAN System 
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wireless communication unit 16 connected with a data terminal device 15. In this wireless LAN system 10, data com- 
munication is conducted between the communication terminal devices 11 A and 1 1 B, and data communication between 
these communication terminal devices 11 A and 11 B will be controlled by the communication control terminal device 
1 2. In this connection, the communication control terminal device 1 2 can be formed only of the wireless communication 
5 unit 16. 

[0025] The wireless communication units 14Aand 14B provided in the communication terminal devices 11Aand 11B 
are comprised of transmitters 17A, 17B, receivers 18A, 18B, control units 19A, 19B, antennas 20A, 20B, and antenna 
switching units 21 A, 21 B respectively. Transmitters 1 7A and 1 7B, and receivers 1 8A, 1 8B are so constructed that these 
can perform the data communication via wireless circuits according to the OFDM system. 

10 [0026] On the other hand, the wireless communication unit 1 6 provided in the communication control terminal device 
1 2 is comprised of a transmitter 22, a receiver 23, a control unit 24, a resource information storage unit 25, an antenna 
26 and an antenna switching unit 27. These transmitter 22 and receiver 23 are also constructed in order that these 
can conduct data communications via wireless circuits according to the OFDM system. Moreover, in the resource 
information storage unit 25, the resource information concerning the allocation time of data communication of the 

is communication terminal devices 11 A and 11 B will be stored. 

[0027] As described above, data communication will be conducted according to the OFDM system in this wireless 
LAN system 10. In this wireless LAN system, such as making 147455 symbols of OFDM (equivalent to 4 [ms]) as 1 
frame, time division multiplexed data will be transmitted within this frame. 

[0028] The M-sequence code for synchronization acquisition will be transmitted to the head of 1 frame from the 
20 wireless communication unit 16 of the communication control terminal device 1 2. This M-sequence code for synchro- 
nization acquisition will be received by the wireless communication units 14A and 14B of the communication terminal 
devices 1 1 A and 1 1 B respectively, the timing for data transmission/reception will be set relative to this received timing. 
[0029] When the data communication request exists in the communication terminal device 11 A, 11 B, a transmission 
request will be transmitted from wireless communication unit 14A, l4Bof the communication terminal device 11 A, 11 B 
25 to the wireless communication unit 1 6 of the communication control terminal device 12. In this wireless communication 
' unit 16 of the communication control terminal device 12, transmission allocation time of each communication terminal 
device 11 A, 11 B will be determined based on the transmission request and the resource information; and the control 
information containing this transmission allocation time will be transmitted to the wireless communication unit 1 4A, 1 4B 
of communication terminal device 1 1 A, 1 1 B respectively from Ihe wireless communication unit 1 6 of the communication 
30 control terminal device 12. In the wireless communication unit 14A, 14B of each communication terminal device 11 A, 
1 1 B, data transmission/reception will be conducted according to this transmission allocation time. At this point/the data 
transmission/reception will be conducted relative to the M-sequence code for acquiring synchronization to be trans- 
mitted to the head of one frame. 

35 (1-2) Wireless Communication Unit of Communication Control Terminal Device 

[0030] In this chapter the wireless communication unit 16 provided in the communication control terminal device 12 
will be described referring to Fig. 5. As shown in Fig. 5, communication controller 30 is provided in the wireless com- 
munication unit 16 and data transmission can be conducted with the data terminal device 15 via this communication 
40 controller 30. 

[0031] A transmission data S10 from the communication controller 30 will be supplied into DQPSK (differentially 
encoded quadrature phase shift keying) modulation circuit 31. The DQPSK modulation circuit 31 DQPSK modulates 
this transmission data S10 and outputs the resulting transmission signal S11 to the serial-parallel converter 32. 
[0032] The serial-parallel converter 32 converts the transmission signal S11 to be supplied in a serial data sequence 

45 to the transmission signal S1 2 of a parallel data sequence and outputs this to the inverse fast Fourier transform circuit 
(IFFT) 33. The inverse fast Fourier transform circuit 33, applying the inverse Fourier transform to the transmission 
signal S12, maps the transmission signal S1 2 to the data in the frequency region and outputs the resulting transmission 
signal S1 3 to the parallel-serial conversion circuit 34. The parallel-serial conversion circuit 34 coverts the transmission 
signal S1 3 to be supplied in a parallel data sequence to a serial data sequence and outputs the resulting transmission 

50 signal SI 4 to a shifting switch 35. 

[0033] Here, the serial-parallel conversion circuit 32, the inverse fast Fourier transform circuit 33 and the parallel- 
serial conversion circuit 34 are circuits to convert the transmission signal Sll to multi-carrier signal according to the 
OFDM system. The OFDM system is the system that allocates the low bit rate signal to each sub-carrier using multiple 
sub-carriers, which are orthogonal to each other making the frequency interval to be f 0 so that no interference occurs 

55 between codes and on the whole, high bit rate can be obtained according to this system. 

[0034] The spectrum of transmission waveform of this OFDM is shown in Fig. 6. As shown in Fig. 6, in this OFDM 
scheme, a transmission signal S11 will be allocated to sub-carriers placed orthogonal to each other, with frequency 
interval f 0 and the transmission signal Sll will be transmitted. 
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[00351 in this OFDM scheme, the transmission signal S11 is converted to parallel signal, and applying the inverse 

of 64-sample and "he guard interval of 8-sample. The symbol interval T symbol is such as (T , , = 1 - 95 ^' ° 
S More specifically in the OFDM scheme, it is necessary to cut cut the effective symbol length from a sequence 

cordon*.. 36. A to* OSC«o„ S17 „ 

signal S16 from the swncn jo whi ub .vnthesizer 37 The frequency conversion circuit 36 lorms 

oTo u o.fpu,! ,7 r^H7l or 19 fGHzl band of quas -microwave band can be considered. 

<£^^^l^™'™«^ «*™" S18 .o «. P«sc,i» M power and supplies « £ 

40 S^^^rTe^alJceive signal S20 received by the antenna 26 when receiving the data is supplied to a 
Sg^fie^ Deraircai^rLNA (low ncse amplifier)) via the switcher 27 and after being amplified, ,t 

and Se fC^cS«, —it 40 forms a receive signal S22 with medium frequency by multip ying this local 

Se sLnal S23 to the fast Fourier transform circuit 42 (FFT). The fast Fourier transform circurt 42 conduct he 

paralle converse c.cut 41 eff^ve da a are t out nd r ^ ^ ^ ^ tQ ^ ^ 

fTuX ^oT c.™. l^TLTuLVL processing wil, be executed. Thus, by conducting the Fourier 
^Z^^Z^ waveforms sampled in every f 0 intervals, the OFDM scheme decoding will be conducted 
0047T Th ^ DQPSK demodulation circuit 44, applying the DQPSK demodulation processing to the receive signal 
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S25, restores receive data S26 and outputs this to the communication controller 30. The communication controller 30 
outputs this receive data S26 to the data terminal device 1 5. controller 30 

[0048] In this wireless communication unit 16, the whole operation will be controlled by the controller 45 The data 
transmi68»n and data reception will be conducted based on the command from the controller 45, and the commun? 
device 'is * ^ °' ,ransmission data S1 ° or receivs d ^ S26 between the data terminal 

K^M, J," thiS Wire H SS f T SyStem - d3ta Wi " bS transmitted ^ the TDMA scheme making one frame as a unit and 
the M-sequence code for obta.mng synchronization will be sent to one symbol of the head of one frame In order to 
realize such control ,n the w.reless communication unit 16 of the communication control terminal devTce 12 the M 
sequence code generation circuit 36 and a memory comprising a resource information storage unit 25 and a timer 46 
are provided. In this case, the switch 35 will be shifted to the input terminal 35B side at the timing of the head symbd 
of one frame and thus, the M-sequence code will be transmitted at the timing of the frame head 
[0050] When a transmission request is sent from the wireless communication unil 14A, 14B of communication ter- 
mmal device 11 A, 11 B This transmission request is received by the antenna 26 and OFDM demoduTaTed L he ,a St 
Fourier transform c.rcurt 42 and then DQPSK demodulated by the DQPSK demodulation circuit 44 and supplfe I to The 
communication controller 30. And the demodu.ated receive data showing the transmission request will be SnsrStted 
from the communication controller 30 to the controller 45. transmitted 

[0 °, 5 ol COntroller45 is reeled to the resource information storage unit 25. In this resource information storaae 
unit 25, the resource information on the allocation time of each communication terminal device 11 A Tl sTbe trans 
muted per one frame is stored. The controller 45 determines the transmis S ,on allocation time of each commumcation 
errruna device 1 1 A, 11 B based on the received transmission request and communication resource residu Te con I™ 
information to show this transmission allocation time will be sent from the controller 45 to the communication con.ro e 
30. The communication controller 30 supplies this control information as a transmission data S10 to the DQPSK mod 

inverse^ f T ,hemodUla,i0n ' rocessin °- wi " «» applied via the DQPSK mediation circ ^t 31 an'the 
inverse fast Fourier transform circuit 33 and transmitted to the wireless communication unit 1 4A, 1 4B of each col™ 
nication terminal device 11 A, 11B from the antenna 26 as a transmission s.gnal S19. 

(1-3) Wireless Communication Unit of Communication Terminal Device 

[0052] Then in this chapter the wireless communication units 14A and 14B provided respectively in the communi- 
cation terminal devices 1 1 A and 1 1 B will be explained referring to Fig. 9. In this connection . since basically the wTrTl ess 
dsschhPri T 7? T d l 4B haVe ,he S3me co " structi °". only the wireless communication Z w wH be 
entrfd vi* , h 9 * ^ " ^ 9 ' Wire ' eSS com ™nication unit 14A. the transmission data S30 is 

entered via the commun.cat.on controller 51. The transmission data sent out from the communication control s 
supplied into the DQPSK modulation circuit 52. The DQPSK modulation circuit 52 applies the dS^SSSiS to 
he transmission data S30 and outputs the resulting transmission signal S31 to the seSa.-paralle. conve^on ci S 53 
[0053] The sena -parallel conversion circuit 53 converts the transmission signal S31 of serial data stream to The 

TorZ^ f 32 ? Paral,e ' ^ Stream ° UtPUtS thiS t0 the inverse fast courier transform c Il^e 
inverse fast . Founer transform circu.t 5, applying the inverse Fourier transform processing to the transm iMionl'i™2 

Sto f D Vrani; anSm SSi ° n Si9na ' t0 data °' freqU6nCy re9i ° n 3nd ° U, P uts the ^tarl ansm on s gna 
S33 to a parallel-sena conversion crcuit 55. The parallel-serial conversion circuit 55 converts a transmission siqna 
S33 supphed in paral.el data stream to the serial data stream and supplies the resultant transmission s gnal si tc The 
^Z^T^, C ' rCUrt Seria| -P aral,e ' conversion circuit 53, the inverse fast Fourier transform ct^t 54 

Tr*l P f T conversion circuit 55 convert the transmission signal S31 to multl-carrier signal using the OFDM 
scheme just as is the case with the wireless communication unit 16 9 

SSfJL !" ,reqUenCy conversion circuit 56, a Local oscillation signal S35 is supplied from the PLL synthesizer 57 
and the frequency conversion circuit 56, multiplying the transmission signal S34 by the local oscitetfon siqnLTsS' 
forms a transmission signal S36, frequency converted to the prescribed frequency, and outputs this to a pZTatmer 

50 S 551 , P ° Wer amP " fier 58 amP ' ifieS thS tra n smis si°n signal S36 to the prescribed power and supplies the re 
suiting transmission signal S37 to the input terminal 21AA of the switch comprising the antenna switchina un t 21 a" 

[0056] on the other hand, the receive signal S38 received by the antenna 20A when receiving the data is suoolied 
to the rece, V1 ng amplifier 59 via the switch 21 A and after being amplified, it is supplied to a frequency converLn c^u" 
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■ «i coo frnm the PLL synthesizer 57 is supplied, 
10057] In the ...que", conversion «u» 60. » ^ nf.ln Ir^no, b, m0 l*»ln9 «» 

Sg 341 '° 1351 F ° U "" »lpu« Ih. ..suiting ..<«*. «gn.l 342 to the parall.l- 

Fo " Mn*"" proofing to th. rso.iv. signal ^™«°^^„„ s tit. reo.iv, signal S42 10 receive s.gna 

rooeoi Here in this wireless communication unit 14A the »J»^unc contro „ er 66 and based on this 

qd4 and the data terminal device 1 3A. „ emi ttori hv the TDMA scheme making one frame as a unit, 

fooei] n this wireless LAN system 10, «^ wtf the wireless communication unit 16 of the 

and he M-sequence code for obtaining s y nchron ^ 0 7 h f he S a e d n Jr one frame. In orderto realize such control, this 
communication control terminal device 1 2 to on e symbol a Mhe ead * ^ ^ g ^ 6? Jhe M . se 

wireLs communication unit 14A is ^W^J « ^ * T^e communication control terminal device 12 wjl 
code to be transmitted from the wireless <^ u ™^^ & and transmi «ed to the correlation detection cicurt 6* 
be recerved by the antenna 20A at the timing of the .frame top ^ ^ the pfe . set code And „ lt 

jle correlation detection circuit 62 detects ^^^^ lowing that the code having the correlation ,.e 
;%ged that the correlate 

12 . lpnna 20A and OFDM demodulated at the fast Fourier 

0063] This control information will ^f^^tdTZoSpsK demodulation circuit 65 and supplied to the 

Inform circuit 63, and th^n ^^^^^^ ™ " ^ ^ ^ 

communication controller oi . mon, 
« communication controlier 51 to the control^ 

r00641 This control information contains .nformat.on rega ran ig detection output S45 was given from the 

o the time of the timer 67. The timer 67, making >* 9 was transmuted from the communication 

correlation detection circuit ^ = relative to this reference time and 

rontrol terminal device 12) to db m« i 
45 Tme information contained in the control information _ contro , |er 66 outputs a ttansrmsaon 

0065] When the timer 67 judges that the transmiss on tart me h as comm and, ^ com at , on 

command o, the transmission data to the commun^ation cont, d£6V ^ ^ ^ ^ fc DQps(< mQd , aled 

controiler 51 starts the sendout of the transmits ™ ssjng by the inverse fast Fourier trans- 

at the DQPSK modulation circuit 52 and conducted *e OFDM conver P ^ ^ ^ {& t , me h 

Srm circuit 54 and transmitted via the ^^^^ Z , ast Fourier transform circuit 63. Thus, the receive 
come, the controller 66 sends out a '^m*™^^*^ fast Fourier transform circuit 63. 
S igl S38 received by the antenna 20A w, be , * ^^ 7^ are transmiU ed using multi-carrier accord^ , to 
[0066] With this arrangement, in this ^'"J^JT^ against jitter and the demodulation .s possible even 
he OFDM scheme. As described earlier, the OFDM ^ covers oyer 2 b , 

SL»^=i:r^oH a -- 
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will be set. 

[0067] If the received clock has 6.8 [ppm] delay with respect to the OFDM wave received, the time difference of 27.2 
[ns] is accumulated between 1 frame of 4 [ms]. This is equivalent to 36.864 [MHz] sampling rate. Accordingly, if the 
clock having accuracy of approximately 6.8 [ppm] would be prepared, demodulation is possible without fail. 
5 [0068] In this connection, as the symbol for synchronization, in addition to the M-sequence codes ; preparing 2 kinds 
of M-sequence codes having the same frequency and adding these, the resultant code sequences, Gold code, Burker 
code or block code can be used. 

(1-4) Construction of Correlation Detection Circuit 

10 

[0069] Next, in this chapter the correlation detection circuit 62 described above will be explained with reference to 
Fig. 10. As shown in Fig. 10, the correlation detection circuit 62 is roughly comprised of a limiter 70, a matched filter 
71 and a comparator 72. At first, Ihe receive signal S40 sent out from the frequency conversion circuit 60 is entered 
into the limiter 70 via the input terminal IN. The limiter 70 is a circuit that restricts the amplitude of the receive signal 
15 S40 to the fixed level according to plus/minus of the signal amplitude of the receive signal S10. 

[0070] II assuming that the function of amplitude of the receive signal S40 is r(t), the limiter 70 regulates the amplitude 
of the receive signal S40 to the fixed level so that the amplitude value becomes "+1" or "-1" corresponding to plus/ 
minus of the amplitude of the receive signal S40 and outputs the receive signal S50 whose amplitude is fixed to the 
prescribed level, as shown in the following equation: 

20 



r(t) - 



1, if r(t) > 0 
- 1, if r(fc) -s 0 



25 



(1) 



[0071] The matched filter 71 has nearly the same construction as that shown in Fig. 2, and this matched filter 71, 
multiplying the code sequence of receive signal S50 to be entered and the code sequence to be detected by the 
corresponding coefficient respectively and by adding the multiplication results, obtains a correlation value signal S51 
30 and outputs this to the following comparator 72. The correlation value calculating processing in this matched filter 71 
can be expressed using the amplitude function of the receive signal S50 and code sequence to be detected P(t) as 
follows: 



35 

cor(t) - jf a r(t)P * (t - T)dr 



40 Where 

r(t) : Amplitude function of receive signal S50 

P{t) : Code sequence to be detected 

cor(t) : Correlation value signal S51 to be sent out 

45 

[0072] The matched filter 71 outputs the correlation value cor(t) as shown in this equation (2) as the correlation value 
signal S51 . 

[0073] The comparator 72 compares the signal level of this correlation value signal S51 with the signal level of 
threshold signal TH to be supplied from outside. And if the resultant shows that the signal level of correlation value 
so signal S51 exceeds the signal level of threshold signal TH, the comparator 72 transmits a detection output S45 to show 
that the code sequence to be detected (i.e., M-sequence code) has been received to the timer 67 via the output terminal 
OUT 

[0074] In this connection, since the correlation value signal S51 to be sent out from the matched filter 71 is expressed 
as shown in equation (2), this is proportional to the amplitude of receive signal to be entered. Accordingly in general, 
55 the signal level of the output of this matched filter 71 becomes lower than the output of the conventional matched filter. 
Thus, the signal level of the threshold signal TH to be entered into the comparator 72 is set to the prescribed value 
lower than the conventional value. 

[0075] Here, in the case where the receive signal S40 is the M-sequence code, it has correlation since the M-se- 
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quence code is the code sequence to be detected, and even if its amplitude is regulated to the fixed level by the limiter 
70 and thus, the correlation value signal S51 having large signal level will be transmuted from the matched fitter 71 
Accordingly, since the signal level of the correlation value signal S51 is large, the detection output S45 showing that 
the signal level of correction value signal S51 exceeds the threshold signal TH and the M-sequence code is detected 
in the comparator 72 will be transmitted. 

r0O761 On the other hand, in the case where the receive signal having large signal level, but th.s is not the M-sequence 
code in question, the amplitude of the receive signal S40 will be fixed to » + 1 ■ or "-1 » and thus fixed signal received will 
be entered into the matched filter 71 . Since the signal which is not the M-sequence code has no correction to the 
coefficient set in the multiplier of the matched filter 71, the correlation value signal S51 having small level will be 
transmitted from the matched filter 71 even if coefficients were multiplied and the multiplication results were added 
Accordingly, in the comparator 72, the signal level of the correlation value signal S51 does not exceed the signal level 
of the threshold signal TH and the detection output S45 would never be sent out. 

[00771 Thus in this correlation detection circuit 70, since the amplitude of the receive signal S40 is set to the fixed 
value only M-sequence codes can be detected correctly. In this connection, the reason that the signal level of the 
correlation value signal S51 becomes small when the signal which is not the M-sequence code is received can be 
easily known by explaining the reason that the signal level of the correlation value signal became large when the signal 
which was not the M-sequence code was received as follows. 

[00781 Generally, the signal processing in the matched filter, if the signal to be entered is taken as x(t) and the code 
sequence to be detected is taken as P(t), as is clear from equation (2), can be expressed as follows: 



coi(t) - f* x(t)P * (t - T)dx 



(3) 



Where 

x(t) is input signal 

P(t) is code sequence to be delected 

[0079] At this point, if the input signal x(t)' whose signal level is 1 0 times larger than this input signal x(t) is entered, 
the correlation value signal to be sent out from the matched filter can be expressed as shown in the following equation: 

cor(t) - f* x(t)' P * (t - x)dx 

- 10x(t)P * (t - T)dx • • • (*) 

- lo£" x(fc>P * (t - x)dt 

[00801 As shown above, the signal level of the correlation value signal becomes ten times larger. Accordingly, when 
the input signal having no correlation with the code sequence to be detected by the matched filter enters if that input 
signal is extremely large, the correlation value signal with large signal level will be sent out even if they have no cor- 

[OOSlT To obviate such problems in this correlation detection circuit 62, the signal level of the receive signal S40 to 
be entered is set to the fixed constant level by the limiter 70 and even when the receive signal having large s.gnal level 
but having no correlation enters, the misjudgment determining this as the code sequence to be detected can be pre- 

raoeai ^tlhTpoint, signal waveforms of each unit at the time when correlations are detected by the correlation 
detection circuit 62 are shown in Figs. IIA to 11E. Figs. 11 A and 11B show signal levels (shown by Input ,n Figjof hv 
phase component (i.e., I component) and quadrature component (i.e., Q component) of the receive s.gnal S40 and 
signal levels (shown by Output in Fig.) of the receive signal S50, that is the output of the miter 70. Fig. 1 C shows 
signal contents of the receive signal S40, and Fig. 11 D shows the signal level of the correlation value s.gnal S51 that 
is the output of the matched filter 71 , and Fig. 1 1 E shows the output of the matched fitter of the convent.onal correlation 
detection circuit As it is clear from the comparison between Fig. 11 D and Fig. 11 E, in the conventional case, if the 
signal level of the receive signal S40 is large, the signal level of the correlation value signal becomes large even ,t is 
not M-sequence code (expressed by "M-array» in Fig.), and as a result, the misjudgment was made as to the M- 
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sequence code was received. However, in the case of correlation detection circuit 62 according to the present invention, 
since the amplitude of the receive signal S40 is set to the constant level, the correlation value signal S51 whose signal 
level increases only by the M-sequence code to be detected can be obtained and thus, the reception of M-sequence 
code can be detected correctly. 

[0083] The another correlation detection circuit 62 shown in Fig. 10 can be configured as shown in Fig. 12. Referring 
to Fig. 12, the received signal is supplied to an input terminal 181. The received signal is supplied to a matched filter 
182 and also to an average amplitude detection circuit 183. Outputs of the matched filter 182 and average amplitude 
detection circuit 183 are supplied to a divider circuit 184, and in the divider circuit 184 an output level Sa of matched 
filter 182 is divided by an output level Sb of average amplitude detection circuit 183. The output of divider circuit 184 
is supplied to a comparator circuit 1 85 to which a predetermined threshold value TH is supplied. The comparator circuit 
185 compares the output of divider circuit 184 with the threshold value TH. The output of comparator circuit 185 is 
output from an output-terminal 186 as a correlation value detecting signal. 

[0084] When the M sequence is being received, the output level Sa of matched filter 182 increases. This makes the 
output of divider circuit 184 greater than the predetermined threshold value TH, i.e. Sa/Sb > TH is satisfied and the 
correlation detecting signal appears from the comparator circuit 185. This correlation detecting signal is output from 
the output terminal 1 86. 

[0085] When the input signal has a large amplitude, the output level Sa of matched filter 182 becomes also large. 
However, when the amplitude of input signal is large, not only the output level Sa of matched filter 182 but also the 
output level Sb of average amplitude detection circuit 183 go large. This means that the divided value (Sa/Sb) of the 
output level Sa of matched filter 182 by the output level Sb of average amplitude detection circuit 183 makes almost 
no change. Then, the output of divider circuit 1 84 remains smaller than the predetermined threshold value TH, i.e. Sa/ 
Sb < TH is satisfied. Thus, no correlation detecting signal appears from the comparator circuit 1 85. 
[0086] In this way when the output of matched filter 182 is normalized by the amplitude level output by the average 
amplitude detection circuit 1S3, the detected level will not increase even if the input signal level increases, thereby 
allowing it to be correctly detected that the M sequence has been received. 

[0087] Figs. 13A to 13C show a result of measuring a received signal by such a correlation detection circuit. Fig. 
13A shows an output of the matched filter 182, Fig. 13B shows an output of the average amplitude detection circuit 
183, and Fig. 13C shows an output of the divider circuit 184. 

[0088] Because the signals from the plurality of wireless communication terminals 11 A, 11 B,... and the wireless 
communication control terminal 1 2 are time division multiplexed within one frame, the intensity of received signal within 
one frame will vary. Thus, as shown in Fig. 1 3A, the output of matched filter 182 varies depending on the signal level 
of received signal. 

[0089] When an average amplitude of this received signal is detected by the average amplitude detection circuit 183, 
such a signal as shown in Fig. 13B is obtained. When the output of matched fitter 182 shown in Fig. 13A is divided by 
the output of average amplitude detection circuit 183 shown in Fig. 1 3B, such a result as shown in Fig. 1 3C is obtained. 
[0090] As shown in Fig. 1 3C, dividing the output of matched filter 182 by the output of average amplitude detection 
circuit 183 makes the input signal level to be normalized, and so an M sequence receiving signal can be detected 
without fail. 

[0091] In the above example, the output of matched filter 182 is divided by the output ot average amplitude detection 
circuit 183. This is expressed by the following equation. 



TS 



Jr(t)P * (1 - r)dt 



o 



(5) 




Where 



r(t) is the received signal. 
P(t) is the code sequence. 



[0092] Expressing the above equation (5) in the complex number, where 



r(t) = r re {t)+jr im (t) 
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{} r„(t)P * (t - r)dt} 2 + {/ r^t)* * (t - r)dt} 2 



■ (6) 



+ r, 



is obtained. 

[0093] Unfortunately, in order to implement the above equation a circuit capable of finding the square root is required 
so that the number of steps and an amount of hardware are caused to increase. Therefore, it is conceived to make 
the above equation (5) into the following equation without the square root. 



{/ r re (t)P * (t - r)dt} 2 + {/ r ilD (t)P * (t - r)dt> 2 



(7) 



/[{r r .(t)> 2 + {r iB (t)} 2 ]dt 



[0094] In addition, if this process is to be preformed in the digital form of signals, the following equation will be 
obtained. 



{| r r .(i)P Mi - j)> 2 + * (i " j)}2 

^ "YT{r re (i)} 2 + <r iB (i)} 2 ] 



<8> 



[009S] The above equation (8) requires a process for finding a square, but the process for finding the square causes 
the number of steps and an amount of hardware to increase and hence is time-consuming. Thus, it is conceivable to 
process using absolute values according to the following equation instead of the square process. In this way, the 
number of steps and hardware can be reduced, so that a fast processing can be performed. 



|Zr w (i)P»(i-])| + |Zr |m (i)P*(H)l 
S{|r re (i)h|r im (i)|} 



(9) 



(1-5) Communications Protocol 

[0096] Then next, the communications protocol of the wireless LAN system 10 will be described in the following 
paragraphs. First, the frame construction at the time of data communication according to this wireless LAN system 1 0 
is shown in Fig. 1 4. As shown in Fig. 1 4, one frame is divided into the control data transmission time and the information 
data transmission time. In the control data transmission time, asynchronous data communication will be conducted, 
while in the information data transmission time, isochronous data communication will be conducted. When the symbol 
for synchronization is transmitted from the commun ication control terminal device 1 2, individual communication terminal 
device 1 1 A, 1 1 B sends the transmission request to the communication control terminal device 1 2 based on the receipt 
of this symbol for synchronization (i.e., M-sequence code). The communication control terminal device 12, responding 
to this transmission request, sends the control information including the transmission allocation time to individual com- 
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munication terminal device 11 A, 1 1 B. The transmission of the control information is carried out according to the asyn- 
chronous communication in the control data transmission time. In the case where the data communication is carried 
out between the communication terminal devices 11A and 11b, the communication terminal devices 11 A and 11B 
perform the data communication according to this transmission allocation time. The data communications between the 
communication terminal devices 1 1 A and 1 1 B will be carried out isochronousely using the information data transmission 
time. 

[0097] The data communication to be carried out in the information data transmission time can be conducted in the 
asynchronous manner and also asynchronous communications and isochronous communications can be coexisted 
[0098] At this point, the communication sequence in the case of conducting the data communication between the 
communication terminal device 11 A and the communication terminal device 1 1 B will be shown in Fig. 1 5, and the data 
contents of the TDMA communication to be conducted in one frame at that time will be shown in Fig. 16 
[0099] As shown in Fig. 15, in one symbol at the head of one frame, M-sequence code is transmitted toward each 
communication terminal device 11 A, 11 B from the communication control terminal device 12. This M-sequence code 
is received at the wireless communication units 14A and 14B of each communication terminal device 11 A and 11 B 
respectively, and timer 67 to conduct the time management will be sot based on the timing at which this M-sequence 
code is received. 

[01 00] Then, at the time point t 1 , the communication control terminal device 1 2 calls out the communication terminal 
devices 11 A and 11 B by the polling processing. The communication terminal device 11 A, upon receiving this at the 
time point t 2 , sends an acknowledge signal, that is an answer signal. Moreover, the communication terminal device 
11 B replies sending an acknowledge signal at the time point t 3 , the time point delayed from the time point t 2 At this 
point, if the transmission is requested, this acknowledge signal includes the transmission request. At this point sup- 
posing that the communication terminal device 11 A sends a transmission request showing the transfer of data to the 
communication terminal device 1 1 B, and the communication terminal device 1 1 B sends a transmission request showing 
the transfer of data to the communication terminal device 11B. 

[0101] The communication control terminal device 12 determines the transmission allocation time based on these 
transmission requests, and at the time point t 4 , control information is transmitted to the communication terminal devices 
11 A and 11B. Here, supposing that the transmission start time of the communication terminal device 11 A is decided 
to be the time point t 5 and the transmission start time of the communication terminal device 11 B is determined to be 
the time point t 6 . 

[0102] The communication terminal device 11 A, upon receiving the control information including the transmission 
allocation time, starts data transmission to the communication terminal device 11 B at the time point t 5 Similarly the 
communication terminal device 11 B, receiving the control information, when the data transmission from the communi- 
cation terminal device 11 A is terminated, starts the data transmission to the communication terminal device 1 1 A at the 
following time point t 6 . In this connection, the timing judgment of the time point t 5 and t 6 in the communication terminal 
devices 1 1 A and 1 1 B are conducted by the timer 57 which operates making the timing at which the M-sequence code 
is received as the reference time. 

[0103] When the above operations have been conducted, data as shown in Fig. 16 will be sent in one frame More 
specifically, as shown in Fig. 16, the M-sequence code is sent to the head of one frame, each communication terminal 
device 11 A, 1 1 B is called out at the time point t^ and at the time points t 2 and t 3 , acknowledge signals to the callouts 
are returned, the control information including the transmission allocation time is sent at the time point U and data 
transmission from the communication terminal device 11 A to the communication terminal device 11 B is started from 
the time point t 5 , and the data transmission from the communication terminal device 11 B to the communication terminal 
device 11 A is started from the time point t 6 . 

[01 04] Accordingly, since the OFDM scheme is used in this wireless LAN system, it is possible to realize high speed 
data rate. Data will be transmitted according to the TDMA making one frame as a unit, the M-sequence code will be 
sent at the head of one frame and the transmission/reception timing will be set with reference to this M-sequence code 
[0105] The transmission/reception time of each communication terminal device 11 A, 11B will be assigned by the 
control information from the communication control terminal device 12. And since the timer 67 of each communication 
terminal device 11 A, 11B is set relative to the M-sequence code at the top of one frame, the timers 67 of individual 
communication terminal device 11 A and 11 B are set equally. Accordingly, when receiving, data can be reproduced 
demodulating only required symbols in the frame. Moreover, data can be multiplexed within the same frame from 
multiple communication terminal devices 11 A, 11B t and data can be demodulated at the same demodulation timino 
even when jitter exists. 

[0106] In this connection, even if a small difference exists between the timer of the transmitting end and the timer of 
the receiving end, data can be demodulated without fail because of the characteristic of OFDM Accordingly, it is 
unnecessary to obtain synchronization prior to receiving signal per burst and it is not necessary to provide bit for 
synchronization per each burst. Accordingly, bits in the frame can be effectively utilized. 
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(1-6) Operation and Effects 



10 



15 



20 



25 



(1-b) uperauun ciuu — - 
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[0115] With this arrangement, after these correlation value signals S64 and S65are being squared by the multipliers 
88 and 89, a correlation value signal S66 can be obtained adding in-phase components and quadrature components 
by the adder 90. And this correlation value signal S66 is entered into the comparator 72 and by comparing this with 
the threshold TH, M-sequence code to be detected has been received or not can be judged. 

5 [0116] Accordingly, if in-phase components and quadrature components are extracted from the receive signal 40 by 
using signal extracting means (81 - 83), correlation value signals S64 and S65 are detected per each component and 
the correlation value signal S66 would be detected by adding these, the code sequence to be detected can be correctly 
detected from the receive signal in which phase modulation such as QPSK modulation is conducted. 
[0117] In this case the correlation value signal S66 to be detected can be expressed as shown in the following 

10 equation: 
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cor(t) -| £ r ( „>(i)P * (i - j) | 3 + | J r ( u,(i)P * (i - j) 



(10) 



[0118] Furthermore, in Fig. 18, in which the corresponding parts of Fig. 17 are given the same reference numerals, 
20 absolute value circuits 101 and 102 are provided in the correlation detection circuit 100 in stead of multipliers 88 and 
89, and the absolute values of correlation value signals S64 and S65 detected per each component are obtained and 
adding up these, in-phase components and quadrature components combined correlation value signal S70 may be 
detected. With this arrangement, since the circuit construction is simpler in the case of obtaining the absolute value 
rather than obtaining the value squared, a correlation detection circuit 100 capable of detecting the code sequence to 
25 be detected correctly and with the simpler construction. 

[0119] The correlation value signal S70 to be detected in this case can be expressed as follows: 
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cor(t) -| J r,«)(i)P * (i - j) | + | £ n^aW * <i - j) I 

•••(11) 



35 [0120] Moreover the embodiment described above has dealt with the case of setting the amplitude of the receive 
signal S40 to the fixed level "+1 " of "-1 ". However the present invention is not only limited to this but also the amplitude 
may be set to the fixed level "+0.5" or "-0.5". Anyway, if the signal level of the receive signal S40 can be set to the fixed 
level within the range that can be set to the uniform level, the other value may be used. 

[0121] Furthermore, the embodiment described above has dealt with the case of transmitting the M-sequence code 
40 corresponding to one symbol of OFDM to the head of one frame. However, the present invention is not only limited to 
this but also as the symbol for synchronization, other than one symbol may do. Anyway, as the length of this symbol 
for synchronization, variable length may be acceptable. For example, as shown in Fig. 19, making the length of M- 
sequence code to 31 -bit, shorter than 1 symbol, and a space may be provided at the head of one frame, or as the 
length of M-sequence code, the length longer than one symbol may be used. Moreover, the M-sequence code for 
45 frame synchronization is not necessarily placed at the head of the frame but the M-sequence code may be placed at 
various places in the frame. 

[0122] Furthermore, as shown in Fig. 20, information may be placed on the phase difference between subcarriers. 
. More specifically, in the DQPSK modulation, the direction of frequency is changed. If the sampling timing delays when 
receiving the signal, the phase of QPSK wave of each subcarrier after being Fourier transformed is reversed at the 

50 time when OFDM demodulating. As a method to obtain the correct QPSK phase, .the method, allocating the known 
phase signal to the part of OFDM subcarrier as the pilot signal and to form the reference phase may be applied. An 
example shown in Fig. 20, information is placed in the phase difference between subcarriers relative to the first carrier. 
Thus, even if the phase reverses, the amount of rotation is small and little error exists. Since in the example shown by 
Fig. 20, the first carrier is assigned as the carrier to give the reference phase, the other carrier may be assigned as 

55 the reference. 

[0123] Furthermore, the embodiment described above has dealt with the case of DQPSK modulating the data and 
transmitting the data via multicarriers by the OFDM. However, the present invention is not only limited to this but also 
the multilevel modulation QAM (quadrature amplitude modulation) may be used. As the QAM, such as 16-QAM, 
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21 -QAM 1 28-QAM and 256-QAM can be used. Moreover, Trellis-coded modulation can be also used as the coding. 
[0124] Moreover, the embodiment described above has dealt with the case of providing the M-sequence generation 
circuit 36 in the wireless communication unit 16 of the communication control terminal device 12 and the correlation 
detection circuit 62 in the wireless communication units 14Aand 14B of the communication terminal devices 11 A and 
1 1 B However the presenl invention is not only limited to this but also the M-sequence generation circuit and correlation 
detection circuit are provided in one terminal device and it may be constructed so that the M-sequence generation 
circuit and the correlation detection circuit can be shifted and used depending upon whether these would be used as 
the communication control terminal device or the communication terminal device. 

[0125] According to the present invention as described above, since the input signal is entered to the matched filter 
means after the amplitude of this input signal is regulated to the fixed value, the accidental output of the correlation 
value having large signal level by the matched filter means even though it is not the code sequence to be detected, 
can be prevented and only the code sequence to be detected can be correctly detected. And thereby, a correlation 
detection device capable of detecting the prescribed code sequence from the input signal correctly and with a simple 
construction can be realized. . 
[0126] While there has been described in connection with the preferred embodiments of the invention, it will bo 
obvious to those skilled in the art that various changes and modifications may be aimed, therefore, to cover in the 
appended claims all such changes and modifications as fall within the true spirit and scope of the invention. 



20 Claims 

1 . A correlation detection device for detecting code sequence to be detected from an input signal using correlation, 
comprising: 

25 limiter means for regulating the amplitude of said input signal to the prescribed constant value according to 

plus/minus of said input signal; _ 
matched filter means for outputting a correlation value signal upon detecting the correlation between an output 
signal supplied from said limiter means and said code sequence to be detected; and 

comparison means for judging whether said input signal is the code sequence to be detected or not by com- 
so paring the signal level of said correlation value signal with the prescribed threshold. 

2. The correlation detection device according to claim 1 s including: 

signal extracting means for extracting in-phase components and quadrature components from said input sig- 

35 the first limiter means for regulating the amplitude of said in-phase components to the prescribed constant 

value; ^ .. , 

the second limiter means for regulating the amplitude of said quadrature components to the prescribed con- 
stant value; ,4 
matched filter means for detecting the correlation between output signal to be transmitted from said first and 
second limiter means and the code sequence to be detected per component and outputting the first and the 
second correlation value signals; 

the first multiplication means for squaring said first correlation value signal; 
the second multiplication means for squaring said second correlation value signal; 

adding means for outputting the third correlation value signal by adding output signals of said first and second 
multiplication means; and . 

comparison means for judging whether said input signal is the code sequence to be detected or not by com- 
paring the signal level of said third correlation value signal with the prescribed threshold. 

so 3. The correlation detection device according to claim 1 ; including: 

signal extracting means for extracting in-phase components and quadrature components from said input sig- 

the first limiter means for regulating the amplitude of said in-phase components to the prescribed constant 

55 value; ^ ... 

the second limiter means for regulating the amplitude of said quadrature components to the prescribed con- 
stant value; 

matched filter means for detecting the correlation between the output signal to be sent out from said first and 
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second limiter means and said code sequence to be detected per component and outputting the first and 
second correlation value signals; 

the first absolute value means for calculating the absolute value of said first correlation value signal; 
the second absolute value means for calculating the absolute value of said second correlation value signal; 
adding means for outputting the third correlation value signal by adding output signals of said first and second 
absolute value means; and 

comparison means for judging whether said input signal is the code sequence to be detected or not by com- 
paring the signal level of said third correlation value signal with the prescribed threshold. 

4. A method for correlation detection for detecting the code sequence to be detected from an input signal using 
correlation, wherein; 

the amplitude of said input signal is regulated to the prescribed constant value according to plus/minus of said 
input signal; 

the correlation value between the input signal, of which the amplitude is fixed to the prescribed value and the 
code sequence to be detected is detected; and 

whether said input signal is the code sequence to be detected or not is judged by comparing the signal level 
of said correlation value with the prescribed threshold. 

5. The method for correlation detection according to claim 4, wherein; 

in-phase components and quadrature components are extracted from said inpul signal, and correlation val- 
ues calculated per each signal component are combined and said combined result and said threshold are com- 
pared. 

6. The method for correlation detection according to claim 5, wherein; 

in the case of combing correlation values calculated per signal component, each correlation value is squared 
and combined. 

7. The method for correlation detection according to claim 5, wherein; 

in the case of combining the correlation value calculated per said signal component, the absolute value of 
each correlation value is obtained and combined. 

B. A communication terminal device for generating transmission symbol sequence by performing a prescribed mod- 
ulation processing based on data to be transmitted, and transmitting and receiving a transmission signal generated 
by performing a prescribed transmission processing on the transmission symbol sequence, said communication 
terminal device comprising: 

receiving means for receiving said transmission signal as a receive signal; 

demodulating means for performing a prescribed demodulation processing on said receive signal; 
correlation detecting means, including; 

limiter means for regulating the amplitude of input signal to a prescribed constant value according to plus/ 

minus of said input signal to which said modulation processing by said modulating means; 

matched filter means for outputting a correlation value signal upon detecting the correlation between an 

output signal supplied from said limiter means and code sequence to be detected: and 

comparison means for judging whether said input signal is the code sequence to be detected or not by 

comparing the signal level of said correlation value signal with the prescribed threshold; and 

control means for controlling said modulation processing and said demodulation processing with a timing when 
said correlation detecting means judges said input signal is code sequence to be detected as a basis. 

The communication terminal device according to claim 8, wherein: 
said correlation detecting means, including: 

signal extracting means for extracting in-phase components and quadrature components from said input sig- 

the first limiter means for regulating the amplitude of said in-phase components to the prescribed constant 
value; 
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*. second limiter means tor ,e 9 ula,,n„ ,h. ampiilud. o, said quadrature • <° con- 

stant value; hptwppn ou1out s j qn al to be transmitted trom said first and 

multiplication means; and seauence to be detected or not by com- 

The communication terminal device according to claim 8, wherein, 
correlation detecting means, including: 
sign., tracing m.ana ,0, .x.rac.ing rn-phas. -ponante and quadrature components «" - 
S« ,imi,a, mean, tor regulating the amp.tud. - -» hfh- events » « P~*- ~— 
Second limit.r means -o. relating « ampi.ude o, s.id quadrature components to *. P-ribed con- 
stant value; hotwppn the ou tnut signal to be sent out from said first and 

absolute value means; and sequence to be detected or not by com- 

1 A radio communication system comprising: 

said radio communication control terminal including: 

transmission means and race*, meana patterning data transmission and receiving by the OFDM (nelh- 

i— ^ ™»™ <»' »"»»»»<>» r 9 • r ««• "* •y"*°™ M,ton '«"* iik « 

syLronization-code detecting means to, d.tectrng the code eequ.nc. .o, synchronization 

toe, means set by .he synchronization-code ,„. TDMA method wi,h a fame 

^^r^~~: T - — .o - Pe- 

nality 01 radio communrcation terminals In eacr < „„. , or unionization acquisition, 

.aoh o, .aid piurality o. radio cod. lo, synchronization acquisition, and 

s esse »^ses*« * « — — - «* — >s - re,a,encs 



18 



EP 0 924 871 A2 



13. The radio communication system according to claim 11 , wherein 

the code sequence for synchronization acquisition is a variable-length packet. 

14. The radio communication system according to claim 11, wherein 

the code sequence for synchronization acquisition is the M-sequence code. 

15. The radio communication system according claim 11, wherein 

the code sequence for synchronization acquisition is the Gold code. 

16. The radio communication system according to claim 11 , wherein 

each sub-carrier in the OFDM method is used in the DQPSK method. 

17. The radio communication system according to claim 11, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 

18. A transmission device comprising: 

an OFDM signal generating section; and 

synchronization-code generating means for generating a code sequence for synchronization acquisition;' 
wherein 

a signal in which data is modulated by the OFDM method and the data is multiplexed by the TDMA method 
with a frame structure having the specified number of symbols, and the code for synchronization acquisition 
are transmitted. 

19. The transmission device according to claim 18, wherein 

the code sequence for synchronization acquisition corresponds to one symbol in the OFDM method. 

20. The transmission device according to claim 18, wherein. 

the code sequence for synchronization acquisition is a variable-length packet. 

21. The transmission device according to claim 18, wherein 

the code sequence for synchronization acquisition is the M-sequence code. 

22. The transmission device according to claim 18. wherein 

the code sequence for synchronization acquisition is the Gold code. 

23. The transmission device according to claim 18. wherein 

each sub-carrier in the OFDM method is used in the DQPSK method. 

24. The transmission device according to claim 18, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 

25. The receiving device comprising: 

an OFDM signal receiving section, and 

synchronization-code detecting means for detecting a code sequence for synchronization acquisition; wherein 
the code for synchronization acquisition is received and the receiving timing is set according to the code. 

26. The receiving device according to claim 25, wherein 

the code sequence for synchronization acquisition corresponds to one symbol in the OFDM method. 

27. The receiving device according to claim 25, wherein 

the code sequence for synchronization acquisition is a variable-length packet. 

28. The receiving device according to claim 25, wherein 

the code sequence for synchronization acquisition is the M-sequence code. 

29. The receiving device according to claim 25, wherein 
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the code sequence for synchronization acquisition is the Gold code. 

30. The receiving device according to claim 25, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 

31. The receiving device according to claim 25, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 



32. The transmission method comprising the steps of: 



generating an OFDM signal; and 

generating a code sequence for synchronization acquisition, wherein 

a signal in which data is modulated by the OFDM method and the data is multiplexed by the TDMA Method 
with a frame structure having the specified number of symbols, and the code for synchronization acquisition 
are transmitted. 

33. The transmission method according to claim 32, wherein 

the code sequence for synchronization acquisition corresponds to one symbol in the OFDM method. 

34. The transmission method according to claim 32, wherein 

the code sequence for synchronization acquisition is a variable-length packet. 

35. The transmission method according to claim 32, wherein 

the code sequence for synchronization acquisition is the M-sequence code. 

36. The transmission method according to claim 32, wherein 

the code sequence for synchronization acquisition is the Gold code. 

37. The transmission method according to claim 32, wherein 

each sub-carrier in the OFDM method is used in the DQPSK method. 

38. The transmission method according to claim 32, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 



39. A receiving method comprising the steps of: 



receiving an OFDM signal; and 

detecting a code sequence for synchronization acquisition; wherein 

the code for synchronization acquisition is received and the receiving timing is set according to the code. 

40. The receiving method according to claim 39, wherein 

the code sequence for synchronization acquisition corresponds to one symbol in the OFDM method. 



41. The receiving method according to claim 39, wherein 

the code sequence for synchronization acquisition is a variable-length packet. 

42. The receiving method according to claim 39, wherein 

the code sequence for synchronization acquisition is the M-sequence code. 

43. The receiving method according to claim 39, wherein 

the code sequence for synchronization acquisition is the Gold code. 

44. The receiving method according to claim 39, wherein 

each sub-carrier in the OFDM method is used in the DQPSK method. 



45. The receiving method according to claim 39, wherein 

each sub-carrier in the OFDM method is used in the QAM method. 
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46. A correlation detection device for detecting a correlation between a predetermined code and a code of a received 
signal, comprising: 

a code detecting means for detecting a predetermined code from said received signal; 

an average amplitude delecting means for detecting an average amplitude ot said received signal; 

an normalizing means for normalizing an output of said code detecting means based on an output of said 

average amplitude detecting means; and 

a comparing means for comparing the output of said code detecting means normalized by said normalizing 
means with a threshold value to output a correlation detecting signal; wherein 

said received signal is expressed in a complex number, and said average amplitude detecting means finds 
the average amplitude on the basis of an absolute value of a real part and an absolute value of an imaginary 
part of said received signal expressed in the complex number. 

47. A communication device for receiving a received signal containing a synchronizing signal and demodulates said 
received signal, comprising: 

an input means with a received signal; 

a synchronizing signal detecting means for detecting a synchronizing signal contained in said received signal 
from said received signal; and 

a demodulating means for demodulating and outputting a desired portion of said received signal based on a 
detecting timing of said synchronizing signal; wherein 
•said synchronizing signal detecting means comprising: 

detecting means for detecting a predetermined signal from said received signal; 
average amplitude detecting means for detecting an average amplitude of said received signal; 
normalizing means for normalizing an output of said detecting means based on an output of said average 
amplitude detecting means; and 

comparing means for comparing the output of said detecting means normalizing by said normalizing 
means with a threshold value to thereby output a correlation detecting signal; wherein 
said received signal is expressed in a complex number, and said average amplitude detecting means 
finds the average amplitude based on an absolute value of a real part and an absolute value of an imaginary 
part of said received signal expressed in the complex number. 

48. A communication device for receiving a received signal containing a synchronizing signal and transmits data based 
on a detecting timing of said synchronizing signal, comprising: 

input means for being input with a received signal; 

synchronizing signal detecting means for detecting a synchronizing signal contained in said received signal 
from said received signal; and 

transmitting means for transmitting data based on a detecting timing ot said synchronizing signal; wherein 
said synchronizing signal detecting means comprising: 

detecting means for detecting a predetermined signal from said received signal; 
averaged amplitude detecting means for detecting an average amplitude of said received signal; 
normalizing means for normalizing an output of said detecting means based on an output of said average 
amplitude detecting means; and 

comparing means for comparing the output of said detecting means normalized by said normalizing means 
with a threshold value to thereby output a correlation detecting signal; wherein 

said received signal is expressed in a complex number, and said average amplitude detecting means 
finds the average amplitude based on an absolute value of a real part and an absolute value of an imaginary 
part of said received signal expressed in the complex number. 

49. A method for correlation detection for detecting a correlation between a predetermined code and a received code, 
comprising: 

a code detecting step for detecting said predetermined code from said received signal; 

an average amplitude detecting step for detecting an average amplitude of said received signal; 

a normalizing step for normalizing an output of said code detecting step based on an output of said average 
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amplitude detecting step; and 

a step for comparing an output of said code detecting step normalized by said normalizing step with a threshold 
value to thereby output a correlation detecting signal; wherein 

said received signal is expressed in a complex number, and said average amplitude detecting step finds the 
average amplitude based on an absolute value of a real part and an absolute value of an imaginary part of 
said received signal expressed in the complex number. 

50. A communication method for receiving a received signal containing a synchronizing signal and demodulating said 
received signal, comprising: 

an input step for being input with a received signal; 

a synchronizing signal detecting step for detecting a synchronizing signal contained in said received signal 
from said received signal; and 

a demodulating step for demodulating and outputting a desired portion of said received signal based on a 
detecting timing of said synchronizing signal; wherein 
said synchronizing signal detecting step having; 

a detecting step for detecting a predetermined signal from said received signal; 

an average amplitude detecting step for detecting an average amplitude of said received signal; 

a normalizing step for normalizing an output of said detecting step based on an output of said average 

amplitude detecting step; and 

a comparing step for comparing an output of said detecting step normalized by said normalizing step with 
a threshold value to output a correlation detecting signal; wherein 

said received signal is expressed in a complex number, and said average amplitude detecting step finds 
the average amplitude based on an absolute value of a real part and an absolute value of an imaginary 
part of said received signal expressed in the complex number. 

51 . A communication method for receiving a received signal containing a synchronizing signal and transmitting data 
based on a detecting timing of said received signal, comprising: 

an input step for being input with a received signal; 

a synchronizing signal detecting step for detecting a synchronizing signal contained in said received signal 
from said received signal; and 

a transmitting step for transmitting data based on a detecting timing of said synchronizing signal; wherein 
said synchronizing signal detecting step having: 

a detecting step for detecting a predetermined signal from said received signal; 

an average amplitude detecting step for detecting an average amplitude of said received signal; 

a normalizing step for normalizing an output of said detecting step based on an output of said average 

amplitude detecting step; and 

a comparing step for comparing an output of said detecting step normalized by said normalizing step with 
a threshold value to output a correlation detecting signal; wherein 

said received signal is expressed in a complex number, and said average amplitude detecting step finds 
the average amplitude based on an absolute value of a real part and an absolute value of an imaginary 
part of said received signal expressed in the complex number. 

52. A correlation detection device for detecting code sequence to be detected from an input signal using correlation, 
comprising: 

amplitude processing means for detecting an amplitude from said input signal, and performing predetermined 

process; . , . 

matched filter means for outputting an correlation value signal upon detecting the correlation of said code 

sequence to be detected; and 

comparison means for comparing the output of said matched filter means with a threshold value to output a 
correlation detecting signal; wherein 

said amplitude processing means performs predetermined process to be normalized the output of said 
matched filter means. 
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